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I. INTRODUCTION

The goal of the VISIONS project is to develop a system that

can interpret static color lmago', oF outdoor scenes. LHAN7/a, bJ

The interpretation task consists of labeling the various objects in

an image and describing the relatioihips among them. This task is

difiFicult, given the complexity and variety inherent in the domain.

The set of objects and possibl(, relations is large, lighting

varies, exact camera models are often not available, shadows and

occlusion obscure the shapes oF objects, and seasonal changes

introduce spectral and textural var)ety. A great deal of knowledge

must be brought to bear in understanding images of outdoor scenes.

A large part of this knowledge concerns the set of objects

that can and do appear in th' .p' images and the possible and

probable relations among them. In order to understand the images,

detailed information about the distinguishing characteristics of

each object class must also be available. Ihis paper presents

preliminary results showing how various strategies utilizing four

types of simple f4atures---size, shipr, color, and location---can be

used to recognize objects and form the basis of a simple

interpretation system.

The size of an object can aid ji its recognition. Howevey-, in

images absolute sizes are Tarely vailable and furthermore members

of an object class often appear in i4 'arvge of sizes. Thus size is
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most important in relative terms: objects can be recognized using

the sizes oF reference objects that have been located in the image.

Characteristics of an object'i; (2-1)) shape provide recognition

cues. Curvature, compactnrs, height--to--width rjtio,

rectangularity-- these are a few shape features that may help to

distinguish objects. For example, certain man-made objects

(windows, doors, shutters) exhibit high rectangularity, little

curvature, and a vertical orientation (greater height than width)

However, representing and recovering complex shape characteristics

is very difficult. [YOR81] EKEN8OJ,

Color or spectral features ATre especially useful in

identification, particularly for "natural" objects such as grass,

sky, and foliage whose color tends to be more predictable than that

of man-made objects such as cai's and houses. Spectral features

include the red, green, and blue components of an image element's

intensity, color transforms, and i.3mple texture measures. Sets of

these features can be used to characterize different objects. Sku,

for example, tends to have a hijlh blue component value but a low

saturation value. Foliage, on the othrr hand, tends to be quite

saturated. In this case, saturatio,, i' used in recognizing foliage

because it not only CHARACTERIZES .sit aspect of all foliage but also

DISCRIMINATES foliage from other oh.jr.t3

Location plays a part in objeri recoqnition (he location of
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certain objects ca i often be predicted: sky often appears at the

top of an image; qriss, road, o0. ground often appear at the

bottom. As was the case with size, these object location features

can be used not )nly to identify po'.sible object classes but also

to eliminate other object classes F:ium consideration. Location can

also be characterized in relative terms, providing identification

information via expected spatial relations among objects. In

general, the information charac trrized by the four types of

features-- size, shape, color, lo, .tion-- is important not only in

absolute but also in relative terms (in the form of relations).

Objects are often identified u,-jng other objects as references.

This observation implies that object recognition can be carried out

in at least two ways: Simpl14 by listing the expected feature

values of an object class and searching for a match (a local

approach) OR within a context ,iinq some kind of strategy that

operates on the feature values (a plobal approach). Matching alone

does not seem to be sufficient for most recognition tasks. Thus it

is clear that the process of object identification should consist

of a variety of strategies oper-ating on the types of feature

information outlined ,hove

Th,; experiments presented belot demonstrate the utility of

various trateqies operating on i:cature information in developing

an imaqe interpretation The stratigies are simple; each can be

i'cooled" in certain cases Used tocether, however, they provide a

fairly robust foundation for a first pass interdretation system.
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II. EXPERIMENTS

The four 128 x 128 images oJ* hokise scenes used in the

experiments are shown in Figure 1. Three 311 the images are

different views of the same house. Ihe information gathered during

the interpretation of one of the'.e three images could be used to

guide the interpretation of either or both of the other images,

assuming similar or identical lighting conditions. Such an

approach would be especiallcl useiui in motion processing. In the

experiments presented below, however, interpretation strategies

have been applied independently to each of the images.

The domain of house scenes ', ialrl4 complex, yet it 1,-,

manageable in that the set of commonly occurring object types 3s

not too large (less than 20), and there are a variety of structural

arid relational constraints that can be exploited in object

recognition. For example, with many houses, windows aTe

constrained to be located betwien two shutter5. *his type vf

constraint generates predictions zibout the existece and location

o certain objects based upon a pIrtial interpretation and ran be

incorporated into strategies for hnth hypothesis formation and

hypothesis verification

Certain assumptions have beer ) 'ide in the experiments. Fhe

system assumes a camera posltIOn that is approximately level so

that the horizon is expected to be near the center of the imaqe;
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cJre1.'ne four t 2 i bmaones U8,< 'i n tlle experiments'. Label,
the-m 1-4 stairtii 4iri the zjipp*er left anl proce:(ed inq clock-
wi4-c''. hi Itf I 'cice in mnost o)f the, other finulrOen
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this assumption allows the system to predict the extents of sky and

ground regions. The second as!,'mption is that the spectral

attributes of objects are fairlt typical; for example, grass is

green rather than brown. This assumption allows reasonable

hypotheses of object identities to be developed using expected

spectral attributes of objects. Fiiially, the system assumes that a

good segmentation has been provided for establishing a

correspondence between regions and object surfaces.

II. 1 IMQE-INPEpENDENT SPECIRAI ATTRIU__TE MATCHINg

Spectral attributes can he used to characterize certain

"natural" objects--bush, grass, sky, tree--whose features are

fairly predictable. There are also certain classes of man-made

objects whose color and texture are predictable, such as roads,

sidewalks, fire hydrants, and stop signs. The simplest use of

color and texture att;ributes consists of matching the expected

feature values of an object class with those of image regions to

form hypotheses of ohject identity. The technique oF object to

region matching of ,attributes that is presented below has been used

previously and is described only bviefly here (See [WIL81].)

Given a set of featuros and st of training images of outdoor

sceneJ, the meani, standard devilition, maximum value, and minimum

vaiue of each feature were computod using hand-selected regions

known to represent the "natural" objects mentioned above. These

-- I I



statistics were used to form protottipe templates of the ranges of

feature values for each object class. The matching process

consists of forming a confidence by :omparing the feature values of

a region to the feature value, oF each of the templates. The

confidence value obtained symbolize!. a hypothesis that a certain

-egion represents a certain ob.If.( t or object part. Maximum

confidence is assigned to a region whose mean feature value is

within one standard deviation of the expected mean for an object.

The confidence decreases linearl' to zero at the minimum and

maximum values.

The results of spectral attribote matching in the four images

are summarized in Table I. Irev' grass, and sky regions are

identified fairly accurately. Dtl .h regions were most often

misclassified as tree, accounting Itor six of the eight bush regions

incorrectly labeled and generating !-ix false alarms for tree. It

is not unreasonable for a sqstem to make errors between different

classes of foliage when the t:lassi~ication is based purely on local

features. Grouping tree and bush under a category of "foliage"

produces better results, with 2, of 26 target regions being

correctly identified. The portions of the image 'hat are correctly

labeled are shown in white in Figu'e 2.

Because this matching strateg. only deals with a restricted

subset of the objects commonly occuririnq in outdoor scenes, regions

representing objects not -n thv subset are always labeled

-L * d; --ML"S ,
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Table I

Attribute Matching Results (large regions from 4 images)

Actual Correctly Identified False Alarms

Bush 12 4 1

Grass 6 5 3

4. t
Sky 5 5 0

Tree 14 12 7

Foliage 26 23

TOTAL 37 33
(using foliage)
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in orrec tlq. In many cas es th ' con idelice ,!. I ed to thIs

e rv' rn e r iL: iabel inQ is suFt i cientIj Iow comp ' d to expected

va Ii, eS) that the ]abeljng can r ie rejectedi in other cases the

confidenLe is relatively high and a labeling error resili ts For

example, in the ima qs of Fig ae I , the wh)te house walls

"acquired many of the spectral r:ha1acteristics of' sky and hence

are often interpreted as sky. In cases such as this it is

uireasonab1e to expect the systei to distinquish between high match

v..e non-target regjons whose onlor and texture attributes are

s ril ar to those of the target ob,' t prototypes and actual target

* reg:ons Wrile it is possible that better results could be

a-nie~ed bq formulating the target vs. non-target problem as a

clissical statistical hypothesis t(,.tinq problem, it is conjectured

thagt Manq of the erroneous lab c Io, may be eliminated bq the

applicat Ln of labeling constraJnt:, derived from the relationships

he.:;een ob V':ts and the structural properties of objects appearing

iT the icene. Cxperiments des;-ri, ted later arc a f irst attempt tu

h hW,', thvs maq be accompl I hed

Soectral attrlbuf. x-tsinq i'; (-omputationalti incxpenslve if

the object trainir, Q data ta hrn analIzed prev o1sIL If one

icr,,-res the errors involving ,c , ''i;,.:,n of foliage cate qories -ind

the .9rrb r- s oF hiqh mrylta h '/,:I t norm-tarqet regions, then the

-_p.r '-3 fj ha yielded e)ceIle ,t r7'1'V ' i It, might bu mcde still

-. 'e po Wer4'ul in several ,iaqs y l Jrfcting object ,.1ttributes across

a l, r.eeT t u f images might st. TEn1(Phen the pt'ed ictive abilities of
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the prototype templates. On the other hand, further data

collection might pollute the statistics already computed. In this

case it might be necessary to add new object sub-classes such as

"tree--in-winter" and "tree-in-sprinp" Adding new features and

readjusting the importance of each feature used in matching might

improve the prototype templates' characterizations of obiect

classes and thus yield a better latl).inq performance.

Spectral attribute matching, a,. it is currently implemented,

can, often provide ,n accurate initial set of hypotheses upon which

to base the rest of thp interpret iT)tn.

i 2 IMAGE-DEPENDENT ATTRIBkGrl MATCHING VIA OBJECT EXEMPLARS

The process of matching spectral attributes described in the

previuus section involves a compari .on of feature values of regions

to. image-independent feature values oF object prototypes. Another

approach that might prove more robust and context-sensitive is the

use o4 a partial interpretation of thc image. Assuming a region in

an image has bter identified ;i,. a particular object using some

interpretation strateqgy the feature values oF that region can

serve as an image-specific object- template. These feature values

can be used in finding similar regions that most likelq represent

instances of the Same object cl,15s, using the same matching process

described in Section I. 1
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Consider the example in Figure J. Suppose shutter regions

have been identified using shape characteristics Knowledge about

the structure of houses suggests tha-Tt regions of significant size

that surround the shutter regioii, will represent house wall or

windows Figure 3a shows the identif:ied shutter regions and f ure

* 3b the neighboring regions hypothe.:ized to represent house wall or

window Here region neighbors arle strictly adjacent; this

requirement could be relaxed so that nearby regions that are not

strictly adjacent would be included+ A house wall template region

was selected from among these regions by searching for the First

region that was larger than a miriimt, size and had greater than a

minimum value on a color transform +eature The "0" value of the

YIO television color transform was used because house regions had

consistent values on this featu.e across several images. Other

features such as intensity and simple texture measures were not as

useful in this repect

The house wall vemplate region waL used in a matching process

in attempting to identif4 other hcine regions. Utilizing the level

camera assumption, the knowledge that house wall regions will

appear in a horizontal band of thp image can be used to constrain

the processing. Matching was restricted to those regions that

overlapped a horizontal band defined by the upper and lower extents

of the template region. This simple spatial constraint limits the

matching and reduces the numbev of false alarms that would

otherwise occur.
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ihe strategtj labels some T'(eiq ,Oi. incorrectlu In f-iqure 3c

the liqht-colored region is tht, :(,Jected template and the slightlu

dark er req tons are those that m,-tclicd Note the errors in the sku

region and tree highlight reybon. Ihe houses in the images are

,h it e theu tend to exhibit ch~iracteristics of the incident

illumination Highlights aT'e smovth surface reflections and hence

also exhibit characteristics of incident illumination. the

strategy also faII s to ide:ll jfy al house uall reqions,

p irt Icu1l.rl. those Tegions that repi esent shadowed house wall. In

this case, internal contrast te.rds to be Jowi:'r, aff ecting the

texture measures used, and the spectral components are distributed

ov'r lower ranges, resulting in a poor match between these feature

val-jes and those of the selected exu.aiplar. Both of these kinds of

erTors .;re reasonable given the ov(,'ill goal;, of the approach: the

fcration of label hypotheses based on a loose notion of feature

A':, is the case with n'an of thcse simplified strateqies, there

are 11)an"4 plausile wats for achiovinq impruement in performance.

The proce'ss might be miJdo more uoeif fui by incorporatinq stricter

spatial constraints based on tu(,'l d knowledtle For example,

matc, cr,g might be restricted to thotno regions '.trict]U adjacent to

tf._, .m e ,'eg~c.r or t' those re i otis whose centT'oids i.i within

the n Io o;aI band defir)ned ' t tcin pIate re(;ion's upper and

low er eN ents Also, the fe 3tcres_ ,ed in matchinug can be tailored

jt, thp , *. pe heinq :de r, t ' 1 0d i n q them characteristic
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fE-tures involves studying the ci,nsistencies of appearanre a+ an

ol.jec: across many inages. Unly tin. features which tund to be

in,ariant for an object clas. would be used in matching, thereby

r*.tducing the cost and hope-fullw p 'oducing better results.

While image-s.peci*.ic reqion t.mplating avoids some of the

probIemns faced in us1nq an imAile.-independent attribute matcher

( . lighting vaT"iations), the hoice of a template remains

cr~ccal and is dependent upon the. power and variety of' the other

ir 'rer'pretation strategies i'or example, the house wall templating

strateq4 described above depend : directly on a strategy for

I c t ng shutters. W i thi F the (enera ]. structure oF VISIONS,

strategies are applied a nd intvi-preted in an environment of

cu..iperation and competition among the various hypotheses developed

CH, AN78bI [PARSQ1 [WIL.77, labe tiiq conFlicts arising from the

partial e',idence available to each -t.vategy are resolved in the

conteyt of more globsl information Thus, although the region

;,, p ,.itin,, strategy is dependent Ip on rorrect identification of

S0 1 .1- f the tiaqe, t t I s(,vve; as a Powerful mechanism for

e ':e 1ding a partial rlf-rpretatioii

T.1 -1P SKY/ROUND FITF4RI4(

"he ter:hniques deS;r ,:. 6 J o I .A hc ',e relied on color" features

a i-,ne in attemptinq ;.o iabel o.-. ,,.'ions ii an image. A .trategy

t .- t ,n.orporates the e.pected Irications of two c bjec. t --- skq and



ground---can be used to el iminote or f IIter ,nJt' erroneouS

hypotheses or to reduce conflicts between labels generated bu

separate processes.

In order to implement this stratpqq a cky template region ind

a grass template region must bu, selected lhc- sky template is

chosen based on size, color, and lIMatIon near the top of the

image. The grass template is chst.e i based on color and location

near the bottom of the image The 'patial extents of these regions

are used to mark the probable lotuer limi.t of sky and the UpIUeT

limit of ground. Figure 4 shows th skq line arid ground Iine

selected.

These two lines provide a T'Ouylh approximation to the location

of the horizon in the image. !hi. information is used to fi].ter

the results of spectra] attrlbute motching For example, a req'on

hypothesized to represent grass that appears abo~e the sky line

would have to be relabeled This eIlabIL ng is accomp lishPd bu

setting the confidence value for ,,,F to the iowest possible value

of -99.99. By doing this the next highest confidence value beromps

the highest, and the region has a )w object label.

The filtering process is helpiti but, like reuion templatiny,

is dependent upon careful selection of the skt and grass template

regions The selection of a low skj line or, a hqh ground lIne

does not provide much informat i in hut neither do.s it cause
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accirately tabeled regions to be vi labeled in(:orrectiq L,n the

othev hir;(d a h.qh ku line" ,' low ground Line ;npc es ,itrict

P'e 'e r trat qe i -or temp 1,4t v ,e Iection mI..ht 1Iim.inate this

S....pt .1, ,av i nq I model of th10 fhV Jmera u 0,d pT' 0'.Ide the actual

St ,icn ,.f the horizon arid furnish mor- accrn ate infoi-mation about

the~ .. ctual e~tents of sky and qrciuni I-.nai). the qroundplane can

s.,:time be appro imately located bu searching for t he bnttom

s o q e rt ca It u or ien ted su r I. a .

4 F.CTANGLA. FINDING

Re(tangularitu I s ?,ha pe fea.i1tur'e that ch rAc terzes manriu

m.,- mad, ob eLts. Poors, wi -ndo . and shuttersi that appear in a

h,-,+ ' .m-,,1 are u s 1iII rect:anQular or nearly1 . ,etr rect a;n(Iuiar

t - '. th')t ht ve been - U- -. hnVtPneIld hj the came'- anQ Ie (P an Lie

' i f 1' 9 b ii, a -i t in ri q T' on 11101 , --, ( hi -. h P e C t, a v )1 a r j t in t h e I ma q c-

i c- r) eqe-, c -3r, i f' ied btl *opplqing a funct ion that c:hocks.

-3 , ri jc.n-s de,/ iatio n f m ra'r Jan 10i T''1t4 1 aTd S,,i I/ V tho-se -eq1ons

ini vr \ a t T, eh o I (I e 1.j ti o i s a p ei (eni a t c a icuLa t e d

-- 3 5 r .;. 1 3

' r,-. 0 C,( fl iflq T .tanq tc, a~ttL I area)

, , nc L! n Q reC ti Q, LH
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Figure 5. Regions with deviation from Figure 6. Identified shutter regions.

rectangularity of 25%.

ii

Fi ue7. Regions with height-to-width

ratios :- 5.

PEROM"Ir -&. ,il
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Fiqure 5 shows those imaqe reqors hat survived a threshold of

2 5.

Addinq heiqht-to-width ratic, ,Ild size constraints to the

rec.tangle findinq St Trtegu r't &.gL,; in a shutter identification

procedure V1gurc 6 shows those in,.qt regions that were labeled as

shutters rhese reqions have j ho,(tht-to--width ratio qreater than

5, a deviation from rectanqularit 4 k,! no more thaj, 25%, and an area

or at least 20 p1xels (a ssum P,, , er'tair s rale I-iqure 2 shows

* n e reqlonTs that uWeT'e se.ected i, . d on the heitht- to--width ratio

E ,7 t 3 1 t -O L) n e.

ihe paramet.r . for thc shti, lei dcntif irca, ontion jroc dure were

1t 0,o as to q i, oL, d r esuIt ii the tmaqe uhder ont lderat3on

lhe size constraint helps to el. mtrin jte small reQions that realIy

he- nc s.iqnlificance in the intcrpretation. However., in images

wher? . hojse is located fir from tih' camera, the shutters will

app'a- .ma I and the prccedurc u I fai to la-be) thEm Lorrectlg.

A1o the stratqql i lI keiI to ron;1,t,e doors:, landows, and shutters

Ss.ir':e thlese objects hL,-, sitilar , 1h,. ei an d s es

:orinq tht h e i q tL o - . Iih T' t .O tO the o b ci: be r1C

; r..arch J 'T r miq t
1  e .fi-lr 3te e,oto (It t.he r on no 1 (1n t[ler and

door • o-ten exhib t16 igh , ontr. t wI.t:h e'espect to houise wall

- this in Crrm itir' ma t ; ,lnA(r be ei r!ou ?d. F-ia]Iiw, some

b -,- n - br rE , s'd ber.aus' he segmentition
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I igure 8. House wall regions from shutter surround.
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processe.- have divided them into tWO Ur more reuiion., that are le ,s

re tangular Improving the res. Lt ; oF the segtninntatiur. prUcesses,

po -,ibIy through a morginq proCC,,I, would likeltj qield better

perf rmanc e,

1 [ 5 [NFERENC]NQ USIN O SPAri.[il TATI JNS

Within the domain of house 'a pnp.. shutter,., windows, and

. r; .- Sn serVe as landmarks io, locating a hou,;e A house is a

stT'u-ture, i ts subparts are obie t,. that exhibit certain tqpical

s ptIal reltion (e. g. window, Fall between shutter.. (0see

LWEj3rI] ' rhe io(:tion of in d ic tified object (the landmark)

tC,,g i-,e r wivith some spatial rela ton allows the ii.ferc'nce of the

lc=zt ion of another' ob 1ect [GAP/", For examp e, iihut.ers arn

u .-svu, ly suvr oundd ; ,he spat ial re]ation ) hiL hUI Ie wall House

:i I c a., be ident i ' ied bi f i.nd i ri; j ;hj:ter re(ijon t t he I aridmark

arid the . eling those r'.:-'jins thit t urrcLnd he ,,h,,tter 'his i s

ti'h' 3ame IC.' triat fi'uas us' ~ dn i?~pi t t(1"Cfl in thr,

re P n %*1 ) 1 1 I j fn t? A - I J ' r) I )Tma t i or, -3 ho Lt t h

tuFcture . t o b jec , r' FL, t u i, be ,i;een oh e r a nid oh lI L

3. - .
-

!- U T r t ,: .tI 1 ,/. 4] 3r Lt'a ,, Jo -i'( ,

r. C t . Jp' Ie n i p - ,-r' w = n UCiruc ur E (I dta t.-bb1 .4 t wi lI

n" r ,"- ovei m'.' C. . ,, n rjiriat1i r iA t t' .3rd q.ies that

I' A 7h
-1;,, , Lh; J t.,, r .,; u I, Fin d i. T)g ;I IIt iCr ''i and thenr

L
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libeling neiqhboring regions as "hokise-part. " sjince the strategu is

based solely on spatial relations, Ehadowed and unshadowed regions

alike are labeled as "house--part", Pven though they differ greatly

in their spectTal attributes (his behavior t:an result in

incorrect labelinqs when parts nr the house are occluded. For

example, a ttree in front of the hous.e might have parts located in

proximity to the shutters and be lheled as "house--.part." Also, the

segmentation processes often prud kite small, thin horizontal or

ietical regions that surround tho shutter reqion >. These are the

regions that are located by the striitegy, while other larger, more

significant regions are missed.

Expanding the neighbor idea to include "neai-by" regions as

well as those that are strict)ty adjacent might produce better

results. Also, the merging and hiqh contrast ideas mentioned in

the previous section are applicable in this case, too. Finally,

much work remains to be done in copturing the spatial relations

that commonly occur b et ,een hI, ec ti in natural scenes and

strwucturing the -For use by the intCrpretation strategies.

II 6 INFERENCING USING SIZE P'.IATIONS

The iies of objects tend to viary a great dea., .,ven within a

single object cla;s. Vhis var i,;hi 1i tu makes it difficult to

ch--,'arterize an object class base(I solelu on size in absolute

te-!,s Instead an object is often described or recognized in terms

WMAM~~ - A
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of its size relative to the size of some other object For

example, the actual height of a peron is often less important tha n

the relationship between the person>t. height and the heights of

other people or objects in the, environment. Ihis observation

suggests that object recognition cai be based in paT.t on reli ftve

size relations.

Given the ability to identif q s one object with reasonable

accuracg, that object's size can be used to predict ;izes for other

objects that are located nearby in the scene. the relation of th.,

region size to the object size can also provide some informatio n

about distance, elevaio, and the perspective transformation.

Several tools were developed to investigate the use of s.ize

relations in image interpretation An object s.,e database was

built; it contains the expected size ranges for the heights and

widths of commonly occurring objectt. A perspective module relates

the camera model and image req ns. to real world surface

characteristics such as orientation, r'ange, elevation, height, and

width A strategy that uses both these tools was developed. The

strategy consisted of labeling some reqion based on other features

such as color and shape and then a((essing the object size database

to find the expected dimensions fVor the object label assiqned to

the region. These dtmensions were passed to the perspective module

which calculated the range and elevation of the object.
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The strategy did not work well One problemn was the basic

irability to label any region with (ireat accuracy. Another was the

v,:Irlabllity of expected dimensions .tored as ranges of values in

the abject size database, it , .a' unclear whether to usp the

minimum value, the maximum value, i 6e mean value , or something

e Ie. Al so, the perspectIve nu0 ule requires a camera model and

these aetails were only available ViHr- one image. lhe perspective

module has never been extensiveil tested, so the validitq of the

,-ilues it returned were usuail. in question. For these reasons,

the strategy was not included in thr. interpretation process.

As further evidence of the :,:+irulties involved In uSig

obeclt size in~ormation in interpittation, the sizes of house and

shi.tter were compared in the f our , q s Two diffeient measures

OF nouse size were used the ai-.o of the rectanqle that bounded

those regions labeled as "house-pa-vt" and the summed areas of those

same regions. The area of the shutter was simply the area of the

shutter reqion The ratios o' hoLu!.,(' to shutter 0.E- presented in

Table II The variability exhib ittd precludts the reliable use of

size relations in ob ,-ct recognition in this context Furthermore,

-b ems with seamentation error, ,nd occlusion make the recovery

o£ 3rcurate size intorm. t.on veru dI Ficult

-he processes that dev~lop thv imaqe segmentation and the

strategi=s f or object rec.-joni t o mkit be improved before object

szte relaitions can be efFe i.ively exploited in image
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Table II

Ratios of House Area to Shutter Area

~Image 1 Imaqe 2 Image 3 Imaqe

object Extents 324:1 270:1 327:1ri:1

Reqion Areas 60:1 82:1 66:1 8:

Expected Area Ratio =139:1

(based on stored values for expected heights and widths)
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interpretation. Some method oC dctermining the camera parameters

would be helpful. Even when stT'Jtqies for using size relations

have been developed they most likgly will be used only as a means

o -eriFy-ing hypotheses fOrmulated hu other strateqies

fIT COMBINING THE STRATEGIE.',: INTERPRETATION

Ohe stTategies outlined above i-ely on color, size, shape, and

.ocation features to identify obj(ts in a scene. Combining these

strateqies with a simple blackboard like hypothesis space [E01801

a:'. a scheme for conflict Tresolut)ion based on strategy reliability

yields a fairly powerful image interpretation system. Processing

is ierial, control is hardwired, i,,id all thresholds and parameters

are set automatically.

ihe interpretation process proceeds as follows The

segmentAtion routines produce a .wt of labels that divides the

ima.e into regions. After lnitiali.,3nq the hypothesis space and a

4'e,. parameters the sUstem e t1:;cts features for every region,

sto'ing the calculat-d v3J1 ues in v,'; s that c-an be accessed by

other procedures. ([he values ii-e ailso stored by rerion in the

hqp. thesis space. Each process/ .t.rategy invocation adds net :

hypotheses to the space ) Neyt, spectral attribute matching is

perfomed and the resulting hypothv!..es f iJ tered after loC,3ting the

approximate bounds of sky an qrownd. Object exemplars are chosen

based of- the preceding TesuJ ts ard used to carry out region

• 'A
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templatin. Next a simple foliage f:inder locates regions likely to

represent foliage by thresholding s;turation values. The system

then tries to locate shuttrs based on rectangular itu,

height--to-width ratio. and significant size. Jf shutters are

found, the surrounding regions are hypothesized to repres . '; house

wall (or windows). One of the burrounding regions is chosen as ari

exemplar of house wall and other wnjll regions located using region

-t templating. The roof is identilied using expectations about

rawblue and saturation values rd size, -inally, regiois are

grouped by object type and conll'Ficts resolved based on the

reliability of' the processes that generated the hypotheses

involved.

The results o? applying this u stem to the four images are

shown in Figures 9-12. Labels have been compressed into foliage,

house-part, grass, sky, road In general, the system performs

well Sky, grass, and foliage reQions are labeled accurately.

Most of the house has been rori(lnqizod 1heie are many s maIl

mistakes: house shadow Is labeled as foiiage. some tree highlight

and sky regions are labeled as touSe, and so on ome regions are

not labeled at all

What can be done to improve tht results ? Many suggestions for

improving the individual strateqjos have been outlined in the

previous sections. Othe r stratu,!ies need to be developed,

especially in the areas of space and size relations. As these new
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do6

1'i'!Ulc 9 1ir

' 4-

* -I ltitrpretation results for imaqjes 1-4. 1abels in
ord- r of (leereas ifo hr iohti ess: Fky , howce, folIi iqc

qrd ,; road, unknown. (Somc I ab 1 s, ma hob dif ficlenIt
to (Ii t iriuoi sh dlue to f 1ow.s i n rep roduct ion.
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st-Ttegle, -ire included control wl become more important. The

system mIu st move fromi a fixed c otroJ flow to 3 ilexible control

a'-h tec turo that can decide where i o focus the sqstem's at. tention

3r J ,hi,:h strateqies to apply ( WI 1"_ [WEY02 J FinaI I , many more

e per iments must be desgned and T' I, in differ.,nt, domains and on

diffterent images. the result,. I); these e. peiments wt Il provide

troe best suggestions foT desiqnit, JQ IU) strate ie avd improving

tOnse already in u'te

I V C('ONCLUS I JNS

Lxperience with the simple sp.tell described above and its

pE'ormaifLe on several iage pi ,vides somne .insights into the

prcress of image interpretation lhP most obvioLIs oe these is that

a-, image interpretation system mwo;it incorporate a great deal oF

kr.:,v,1edqe This knowledge base muit include information about the

etilriies and relations that can ;rnd do occur in static imaqes of

o)'.'tooor ,cenes, structured io tnat it can be eFflciently accessed

3nJ updaoted b' the system lh ( riple xity oF th±' information and

thie struc ture inherent i ', the woo I (I oF outdoor scenes suggest a

r*rpesentation composed of d-ff erewit ].'vels of ab;traction, ranging

from . I.. le edge elements ",.,p" to rm-re abstract schemt-,s (st'uctures

odq , r aqqr, tt Ir r du)vdfQe about scenes 3,-1d their.

cc-. tifon-r.t objects and re]tlm. lut utre re';earch will help to

:nlIcate the poilnt at wh ic h h.l knowledge ,hould move From the

I * a rati' 2 9. )b ject desript i,,) to tho procedural (e g.



ToC e; S ta t i dent it-W 00je 1t-F-Prts to dweelup a robL;!:

co~set representa3tion aTEC CtIVTAttjjlLI uflder1wa It LwE S 812b I

lh experiments desciibed iin tI~s papet have ali-o demonstrated

t he ut 1 i t o 0f f OUr types oi, G Attre-n shape, c olor, and

I Dr at2 on- -- in ob ject i dent if icat j rt [*eatures~ of these tupes can be

u-t~ ir. , knowledcie base to des.- , ib- ob jects an;! in procedures that

I em~er~t qenera) I i pp Ii cab le -t ratuq ips f or rVCoqni z inq ob je ct s

Cr i.cr e i I'ir ther r e e a ,r, I 'il be aimed at deveiopinog

r 'rar1n ed s t r a tg ies anti f c-.3Y: v, to be usecd in :denti 04 1riq a

I Ir qc, th e iOr k Inq~ 0 + t he s >nryp 1e in ter pre tat ion sstem h a P

S 0 .Lin t ha t featu'oes a nd Ia+ 1 h ec re rn st j mpor tai~t eJ ter

a i n'q Oeen 1 n. C o)T p o)rat ed 1vi ti in a~ i3 r t - tj 0 f 1 (1?fnt I f 1 cat Io n .3 rld

i irat. ion stAlteqgxs deikcL pt 1 - aion e do utu; co ns t it tte a n

ir;tei c~r;.-tatiton sqistem Vrie _tQ L I h 1 ke y io r d. !Lince all of t he

q I I- Of~ rcr-pr ir9 rfK-t tiiiict is requit-ied to ai hieveo ari q

SQ T 0: S' Uc CE . .~ate q i w, ~us t i.(;ip P 1: e u~ora te and n t erfat

T- p trateq.'z p r C E TIt od ar ;ii 7I ' in d s t r en 9t h oned b L

* ~~ &:~~te w~u t) d i f fee i domans~ un i t est the '.i1 iditu of

3' 1tr q 's ark o ~~ rcrns I Thf:14 Lorc pa rid roughly to



the coordinated application oF ic noii Iedge sour(vs in a Hearsaq

architecture CE N8O], to meta-ru(its (DAV79] or rontrol rules

[AIKSO] in a production gqsten,, t thC- processes a rtached to frames

EMIN751. While some commitments ha,;l been made to incorporotiriq

both bottom-up and top-down procei;!.inq and parallel techr,,,es for

employing alternative models , MUCh work remains to be done in

choosing or developing an architecture of control that is powerful

enough to guide the interpretation ptocess and handle such probIems

as focus of attention, infereni:in., and conflict resolution.
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